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ELECTRICAL STORAGE SYSTEMAND 
EQUALIZING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a technique for equalizing state of 

charge variations among a plurality of electrical storage 
elements. 

2. Description of Related Art 
In Japanese Patent Application Publication No. 2001 

218376 (JP 2001-218376 A), a voltage value of each of a 
plurality of single cells is detected and, when there are 
Voltage value variations among the plurality of single cells, 
specified one or two or more of the single cells are dis 
charged Such that Voltage value variations fall within an 
allowable range. Specifically, by discharging the single cells 
having a high Voltage value, the Voltage values of the 
plurality of single cells are caused to fall within the allow 
able range. Such a process is called equalizing process. 

It is known that a full charge capacity of each single cell 
decreases with degradation of the single cell. When the full 
charge capacity has decreased, the state of charge (SOC) of 
the corresponding single cell also varies with a decrease in 
full charge capacity. The SOC is the percentage of a current 
amount of charge with respect to the full charge capacity. 
Therefore, when the full charge capacity varies, the SOC 
also varies. 

In the technique described in JP 2001-218376 A, when 
there are SOC variations, specified one or two or more of the 
single cells are discharged such that the SOC in each of the 
plurality of single cells falls within the allowable range. In 
this case, even when the SOC varies due to full charge 
capacity variations, the equalizing process is carried out. 
When the full charge capacity varies among the plurality 

of single cells, changes in SOC as a result of charging and 
discharging of each single cell differ depending on full 
charge capacity variations. In Such a situation, when the 
equalizing process is carried out only on the condition that 
the SOC varies, electric energy stored in the single cells may 
be wastefully consumed. 

SUMMARY OF THE INVENTION 

A first aspect of the invention provides an electrical 
storage system. The electrical storage system includes: a 
plurality of electrical storage elements connected in series 
with each other and configured to be charged or discharged; 
discharge circuits respectively connected in parallel with the 
electrical storage elements and configured to discharge the 
corresponding electrical storage elements; and a controller 
configured to control operations of the discharge circuits. 
The controller is configured to calculate a first SOC differ 
ence using a full charge capacity of each electrical storage 
element. The first SOC difference is a difference in SOC 
between the plurality of electrical storage elements and 
arises due to a difference in full charge capacity between the 
plurality of electrical storage elements. The controller is 
configured to calculate a second SOC difference. The second 
SOC difference is a difference in SOC between the plurality 
of electrical storage elements at the moment the SOC 
difference is calculated. When the second SOC difference is 
larger than the first SOC difference, the controller is con 
figured to bring the second SOC difference close to the first 
SOC difference by carrying out a discharge with the use of 
the discharge circuits. 
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2 
When there is a full charge capacity variation between the 

plurality of electrical storage elements, the SOCs of the 
plurality of electrical storage elements may tend to vary due 
to the variation. That is, when the full charge capacities vary, 
the SOCs tend to vary each time the plurality of electrical 
storage elements are charged or discharged, so a discharging 
process using the discharge circuits may easily carried out. 

Therefore, with the above configuration, an SOC varia 
tion, which arises due to a full charge capacity variation, is 
acquired in advance, and the discharging process using the 
discharge circuits is not carried out for such an SOC 
variation. Thus, it is possible to Suppress a situation that the 
discharging process is frequently carried out on the basis of 
an SOC variation due to a full charge capacity variation and, 
as a result, electric energy stored in the electrical storage 
elements tends to be wastefully consumed through the 
discharging process. 
An SOC variation not only includes an SOC variation due 

to a full charge capacity variation but also an SOC variation 
due to a self-discharge of the electrical storage elements, or 
the like. With the above configuration, the discharging 
process using the discharge circuits is carried out for an SOC 
variation due to a self-discharge of the electrical storage 
elements, or the like, so it is possible to suppress an SOC 
variation. 

In the electrical storage system, the first SOC difference 
may be, for example, calculated using a mathematical 
expression (I) 

(FCCIk - FCC(O)x (SOC base - SOCIO) 
FCCIk 

(1) 
ASOC war fecO, k = 

where ASOC var fec0, k is the first SOC difference, 
FCCO is the full charge capacity of the electrical storage 
element that becomes a reference electrical storage element 
between the plurality of electrical storage elements, FCCk 
is the full charge capacity of the electrical storage element 
other than the reference electrical storage element between 
the plurality of electrical storage elements, SOC base is an 
SOC at the time when the SOCs of the plurality of electrical 
storage elements are equal to each other, and SOCIO is the 
SOC of the reference electrical storage element. 

In the electrical storage system, the first SOC difference 
may be, for example, corrected using a mathematical expres 
sion (II) 

ASOC var alwf0.k1=ASOC varfectOkx 
(1+SOC base-SOCIkixK) (II) 

where ASOC var alw0, k is the corrected first SOC dif 
ference, ASOC var fcc.0, k is the not-yet-corrected first 
SOC difference, SOC base is an SOC at the time when the 
SOCs of the plurality of electrical storage elements are equal 
to each other, SOCk) is the SOC of the electrical storage 
element other than the reference electrical storage element, 
and K is a correction coefficient. 
The plurality of electrical storage elements are connected 

in series with each other, so the same amount of electric 
energy is charged or discharged between the plurality of 
electrical storage elements. In the case where there is a full 
charge capacity variation between the plurality of electrical 
storage elements, when a charge or a discharge is carried out 
in a state where the SOCs of the plurality of electrical 
storage elements are equal to each other (SOC base), the 
SOCs of the plurality of electrical storage elements may tend 
to vary. Therefore, according to the above mathematical 
expression (II), the first SOC difference is corrected in 
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consideration of the difference between the SOC base and 
the current SOC (SOCk) of each electrical storage element. 
This makes it easy to acquire an SOC variation between the 
plurality of electrical storage elements. 
On the other hand, the first SOC difference may be 

calculated in consideration of a calculation error at the time 
of calculating the full charge capacity of each electrical 
storage element. When the full charge capacity of each 
electrical storage element is calculated, a current value of 
each electrical storage element is detected with the use of a 
current sensor and a Voltage value of each electrical storage 
element is detected with the use of a voltage sensor. There 
fore, when the full charge capacity of each electrical storage 
element is calculated, a detection error of the current sensor 
or a detection error of the Voltage sensor may tend to be 
included. Therefore, by correcting the first SOC difference in 
consideration of Such a detection error, it is possible to 
accurately acquire the first SOC difference. 

In the electrical storage system, the SOC base may be an 
SOC that each electrical storage element can take when the 
plurality of electrical storage elements are not connected to 
a load. 
When the electrical storage elements are not connected to 

a load, it is possible to acquire an open circuit Voltage (OCV) 
of each electrical storage element. Therefore, with the above 
configuration, it becomes easy to identify the SOC of each 
electrical storage element from the OCV of the electrical 
storage element. That is, it is possible to improve the 
accuracy of estimating the SOC. By setting the SOC, of 
which the estimating accuracy is ensured, as the SOC base, 
it becomes easy to acquire a situation that the SOCs of the 
plurality of electrical storage elements are equal to each 
other. In addition, when the first SOC difference is calculated 
from the above mathematical expressions (I), (II), it is 
possible to exclude an SOC base variation due to an esti 
mating accuracy variation, So it is possible to accurately 
acquire the first SOC difference. 

In the electrical storage system, the SOC base may vary 
on the basis of a usage frequency of a charging function 
(hereinafter, referred to as timer charging function) for 
completing a charge of the plurality of electrical storage 
elements at predetermined time. 

In the electrical storage system, the SOC base may 
decrease as the usage frequency of the charging function 
increases, and the SOC base may increase as the usage 
frequency of the charging function decreases. 

With the timer charging function, a charge of the electrical 
storage elements is started at predetermined time. In other 
words, the electrical storage elements are not charged until 
the predetermined time. When the electrical storage ele 
ments are charged, the SOCs of the electrical storage ele 
ments are often low. Therefore, when the usage frequency of 
the timer charging function is high, each electrical storage 
element is often continuously kept in a low SOC state while 
the electrical storage elements are not connected to a load. 
Thus, when the usage frequency of the timer charging 
function is high, a low SOC value may be used as the 
SOC base. 
On the other hand, when the electrical storage elements 

are charged without using the timer charging function, a 
charge is immediately started without waiting until the 
predetermined time. Therefore, while the electrical storage 
elements are not connected to a load, each electrical storage 
element tends to be kept in a completely charged State, in 
other words, in a high SOC state. Thus, when the usage 
frequency of the timer charging function is low, a high SOC 
value may be used as the SOC base. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
In the electrical storage system, the controller may be 

configured to use a value, including a calculation error at the 
time of calculating the full charge capacity of each electrical 
storage element, as the first SOC difference. 

In the electrical storage system, the controller may be 
configured to, when the plurality of electrical storage ele 
ments are not connected to a load, operate the discharge 
circuits. 
When the plurality of electrical storage elements are not 

connected to a load, the electrical storage elements are not 
charged or discharged in response to operations of the load. 
Therefore, with the above configuration, it becomes easy to 
ensure a period of time for carrying out a discharge with the 
use of the discharge circuits. 
A second aspect of the invention provides an equalizing 

method of equalizing a difference in SOC between a plu 
rality of electrical storage elements, connected in series with 
each other, with the use of discharge circuits respectively 
connected in parallel with the electrical storage elements and 
configured to discharge the corresponding electrical storage 
elements. The equalizing method includes: calculating a first 
SOC difference using a full charge capacity of each electri 
cal storage element, the first SOC difference being a differ 
ence in SOC between the plurality of electrical storage 
elements and arising due to a difference in full charge 
capacity between the plurality of electrical storage elements; 
calculating a second SOC difference, the second SOC dif 
ference being a difference in SOC between the plurality of 
electrical storage elements at the moment the SOC differ 
ence is calculated, and, when the second SOC difference is 
larger than the first SOC difference, bringing the second 
SOC difference close to the first SOC difference by carrying 
out a discharge with the use of the discharge circuits. 

According to the second aspect as well, similar advanta 
geous effects to those of the first aspect may be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features, advantages, and technical and industrial signifi 
cance of exemplary embodiments of the invention will be 
described below with reference to the accompanying draw 
ings, in which like numerals denote like elements, and 
wherein: 

FIG. 1 is a schematic view that shows the configuration of 
a battery system according to an embodiment of the inven 
tion; 

FIG. 2 is a view that shows the configuration of a battery 
pack and monitoring unit in the battery system according to 
the embodiment; 

FIG. 3 is a view that shows the configuration of each 
equalizing circuit according to the embodiment; 

FIG. 4 is a view that shows a relationship in SOC among 
a plurality of single cells including a degraded single cell; 

FIG. 5 is a view that shows SOC variations after the 
plurality of single cells in FIG. 4 have been discharged; 

FIG. 6 is a view that shows SOC variations after the 
plurality of single cells have been charged; 

FIG. 7 is a flowchart that illustrates an equalizing process 
according to the embodiment; 

FIG. 8 is a view that illustrates an SOC variation between 
a reference cell and each comparative cell; 

FIG. 9 is a view that illustrates an SOC variation between 
the reference cell and each comparative cell; and 

FIG. 10 is a view that illustrates an SOC that is a reference 
of the equalizing process according to the embodiment. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Hereinafter, an embodiment of the invention will be 
described. 
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A battery system according to a first embodiment of the 
invention will be described with reference to FIG. 1. FIG. 1 
is a schematic view that shows the configuration of the 
battery system according to the present embodiment. 

The battery system shown in FIG. 1 is mounted on a 
vehicle. The vehicle may be a hybrid vehicle or an electric 
vehicle. The hybrid vehicle is a vehicle that includes a fuel 
cell, an engine, or the like, in addition to a battery pack 
(described later) as a power Source for propelling the 
vehicle. The electric vehicle is a vehicle that includes only 
the battery pack as a power source of the vehicle. 
A positive electrode line (high-voltage cable) PL is con 

nected to a positive electrode terminal of the battery pack (or 
electrical storage device) 10, and a system main relay SMR1 
is provided in the positive electrode line PL. A negative 
electrode line (high-voltage cable) NL is connected to a 
negative electrode terminal of the battery pack 10, and a 
system main relay SMR2 is provided in the negative elec 
trode line NL. 

Each of the system main relays SMR1, SMR2 switches 
between an on State and an off State upon reception of a 
control signal from a controller 30. The controller 30 is able 
to connect the battery pack 10 to a load (a step-up circuit 22 
(described later)) by switching each of the system main 
relays SMR1, SMR2 from the off state to the on state. 
A current sensor 21 detects a current value at the time 

when the battery pack 10 is charged or discharged, and 
outputs a detected result to the controller 30. A positive 
value may be used as a current value when the battery pack 
10 is discharged, and a negative value may be used as a 
current value when the battery pack 10 is charged. In the 
present embodiment, the current sensor 21 is provided in the 
negative electrode line NL; however, the arrangement of the 
current sensor 21 is not limited to this configuration. The 
current sensor 21 just needs to detect a current value when 
the battery pack 10 is charged or discharged. Specifically, 
the current sensor 21 may be provided in at least one of the 
positive electrode line PL and the negative electrode line 
NL. 
The battery pack 10 is connected to the step-up circuit 22 

via the positive electrode line PL and the negative electrode 
line NL. The step-up circuit 22 steps up the output voltage 
of the battery pack 10, and outputs the stepped-up electric 
power to an inverter 23. The inverter 23 converts direct 
current power, output from the step-up circuit 22, to alter 
nating-current power, and outputs the alternating-current 
power to a motor generator 24. The motor generator 24 
receives alternating-current power from the inverter 23, and 
generates kinetic energy for propelling the vehicle. By 
transmitting the kinetic energy generated by the motor 
generator 24 to wheels, it is possible to propel the vehicle. 
When the vehicle is decelerated or the vehicle is stopped, 

the motor generator 24 converts kinetic energy that is 
generated during braking of the vehicle to electric energy 
(alternating-current power). The alternating-current power 
generated by the motor generator 24 is converted to direct 
current power by the inverter 23. The step-up circuit 22 steps 
down the output voltage of the inverter 23, and then supplies 
the direct-current power to the battery pack 10. Thus, it is 
possible to store regenerated electric power in the battery 
pack 10. 
The controller 30 includes a memory 31. The memory 31 

stores information that is used when the controller 30 
executes a specific process (particularly, a process described 
in the present embodiment). In the present embodiment, the 
memory 31 is incorporated in the controller 30; instead, the 
memory 31 may be provided outside of the controller 30. 
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6 
Information about on/off states of an ignition switch of the 

vehicle is input to the controller 30. When the ignition 
switch is switched from the off state to the on state, the 
controller 30 connects the battery pack 10 to the step-up 
circuit 22 by Switching each of the system main relays 
SMR1, SMR2 from the off state to the on state. Thus, the 
battery system shown in FIG. 1 enters an activated state 
(ready-on state). 
On the other hand, when the ignition switch is switched 

from the on state to the off state, the controller 30 interrupts 
connection between the battery pack 10 and the step-up 
circuit 22 by Switching each of the system main relays 
SMR1, SMR2 from the on state to the off state. Thus, the 
battery system shown in FIG. 1 enters a stopped state 
(ready-off state). 
A monitoring unit 40 detects a voltage value of the battery 

pack 10 or detects a Voltage value of each of single cells 
included in the battery pack 10, and then outputs a detected 
result to the controller 30. FIG. 2 shows the configuration of 
the battery pack 10 and monitoring unit 40. 
As shown in FIG. 2, the battery pack 10 includes a 

plurality of single cells 11 (which correspond to electrical 
storage elements) connected in series with one another. The 
number of the single cells 11 that constitute the battery pack 
10 may be set as needed on the basis of a required output, 
or the like, of the battery pack 10. The battery pack 10 may 
include a plurality of the single cells 11 connected in parallel 
with each other. Each single cell 11 may be a secondary 
battery, such as a nickel metal hydride battery and a lithium 
ion battery. Instead of the secondary battery, an electric 
double layer capacitor may be used. 
The monitoring unit 40 includes a plurality of voltage 

monitoring integrated circuits (ICs) 41, and the number of 
the Voltage monitoring ICs 41 is equal to the number of the 
single cells 11 that constitute the battery pack 10. Each 
Voltage monitoring IC 41 is connected in parallel with a 
corresponding one of the single cells 11, detects a voltage 
value of a corresponding one of the single cells 11, and 
outputs a detected result to the controller 30. 

Equalizing circuits 50 (which correspond to discharge 
circuits) are respectively connected to the single cells 11. 
Each of the equalizing circuit 50 is connected in parallel to 
the corresponding single cell 11. The equalizing circuits 50 
are used to equalize the Voltage values of the plurality of 
single cells 11 by discharging the corresponding single cells 
11. For example, when the voltage value of a specified one 
of the single cells 11 is higher than the voltage values of the 
other single cells 11, the equalizing circuit 50 corresponding 
to the specified one of the single cells 11 discharges the 
specified one of the single cells 11. 

Thus, it is possible to equalize the voltage value of the 
specified one of the single cells 11 to the voltage values of 
the other single cells 11 As a result, it is possible to suppress 
Voltage value variations among the plurality of single cells 
11. When the single cell 11 is discharged, electric energy 
stored in the single cell 11 is consumed. 

FIG. 3 shows the configuration of each equalizing circuit 
50. As shown in FIG. 3, each equalizing circuit 50 includes 
a resistor 51 and a switch 52. The resistor 51 and the switch 
52 are connected in series with each other. The switch 52 
Switches between an on state and an off state upon reception 
of a control signal from the controller 30. When the switch 
52 Switches from the off state to the on state, current flows 
from the single cell 11 to the resistor 51, so it is possible to 
discharge the single cell 11. When the switch 52 switches 
from the on state to the off state, it is possible to stop a 
discharge of the single cell 11. 
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In the present embodiment, the Voltage monitoring IC 41 
and the equalizing circuit 50 are provided in correspondence 
with each single cell 11; however, the arrangement is not 
limited to this configuration. For example, when the plural 
ity of single cells 11 that constitute the battery pack 10 are 
divided into a plurality of battery blocks (which correspond 
to electrical storage elements), the Voltage monitoring IC 41 
and the equalizing circuit 50 may be provided in correspon 
dence with each battery block. 

Each battery block is formed of a plurality of single cells 
11 connected in series with one another. By connecting the 
plurality of battery blocks in series with one another, the 
battery pack 10 is formed. In this case, each Voltage moni 
toring IC 41 detects a Voltage value of a corresponding one 
of the battery blocks, and outputs a detected result to the 
controller 30. The equalizing circuits 50 are able to equalize 
the voltage values of the plurality of battery blocks by 
discharging the corresponding battery blocks. Equalizing the 
voltage values of the single cells 11 or the voltage values of 
the battery blocks is called equalizing process. 

In the configuration including the plurality of single cells 
11, if there are voltage value variations among the plurality 
of single cells 11, the voltage value of a specified one of the 
single cells 11 may not reach an upper limit Voltage when the 
plurality of single cells 11 are charged. In this case, although 
the voltage value of the specified one of the single cells 11 
has not reached the upper limit Voltage, the Voltage values 
of the other single cells 11 may reach the upper limit Voltage. 
The upper limit Voltage is a Voltage value set in order to 
Suppress overcharging in controlling a charge of each single 
cell 11, so the other single cells 11 may become an over 
charged state. 

In addition, if there are Voltage value variations among the 
plurality of single cells 11, the voltage value of the specified 
one of the single cells 11 may not reach a lower limit Voltage 
when the plurality of single cells 11 are discharged. In this 
case, although the Voltage value of the specified one of the 
single cells 11 has not reached the lower limit voltage, the 
voltage values of the other single cells 11 may reach the 
lower limit voltage. The lower limit voltage is a voltage 
value set in order to suppress overdischarging in controlling 
a discharge of each single cell 11, so the other single cells 11 
may become an overdischarged State. 
By carrying out the equalizing process, it is possible to 

equalize the Voltage values of the plurality of single cells 11, 
So it is possible to prevent an overcharged State or overdis 
charged State of each of the single cells 11. 
When the equalizing process is carried out, it is deter 

mined whether there are voltage value variations by moni 
toring the Voltage value of each single cell 11 as described 
in JP 2001-218376 A. When there are voltage value varia 
tions among the plurality of single cells 11, the equalizing 
process is carried out. When the above equalizing process is 
carried out, the number of times the equalizing process is 
carried out may increase, and electric energy stored in the 
single cells 11 may tend to be wastefully consumed as will 
be described below. 

FIG. 4 shows four single cells 11, and the four single cells 
11 are connected in series with one another. The ordinate 
axis shown in FIG. 4 represents the state of charge (SOC) of 
each single cell 11, in other words, the amount of charge of 
each single cell 11. The SOC is the percentage of a current 
amount of charge with respect to a full charge capacity. 

In the example shown in FIG. 4, among the four single 
cells 11, the three single cells 11 are in a normal state, and 
the remaining one single cell 11 is in a degraded State. The 
degraded State is a state where the full charge capacity of the 
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8 
single cell 11 is decreased with respect to a full charge 
capacity in an initial state. The normal state is a state where 
the full charge capacity of the single cell 11 is kept at the full 
charge capacity in an initial state. 
The initial state is a state where the single cell 11 is not 

degraded, and the initial state is, for example, a state 
immediately after the single cell 11 is manufactured. When 
a lithium ion secondary battery is used as the single cell 11, 
the full charge capacity of the single cell 11 decreases due 
to precipitation of lithium, or the like. In Such a case, the 
single cell 11 becomes the degraded State. 

In the state shown in FIG. 4, the SOCs of the four single 
cells 11 are equal to one another. The full charge capacity of 
the degraded single cell 11 is smaller than the full charge 
capacity of each normal single cell 11, so a current amount 
of charge (Ah) in the degraded single cell 11 and a current 
amount of charge (Ah) in each normal single cell 11 are 
different from each other. 
When the four single cells 11 are discharged in the state 

shown in FIG. 4, the four single cells 11 may become a state 
shown in FIG. 5. The full charge capacity of the degraded 
single cell 11 is lower than that of each normal single cell 11. 
Therefore, when the four single cells 11 are discharged by a 
predetermined amount of charge, the SOC of the degraded 
single cell 11 is lower than the SOC of each normal single 
cell 11. Thus, there arises an SOC variation between the 
degraded single cell 11 and each normal single cell 11. 
When there are SOC variations, the equalizing process 

may be carried out on the basis of the voltage values of the 
four single cells 11. Therefore, in the state shown in FIG. 5, 
the normal single cells 11 are discharged by the amount of 
discharge shown in FIG. 5. Thus, the SOC of each normal 
single cell 11 is equalized to the SOC of the degraded single 
cell 11. 

After the equalizing process has been carried out in the 
state shown in FIG. 5, when the four single cells 11 are 
charged, the four single cells 11 may become a state shown 
in FIG. 6. The full charge capacity of the degraded single 
cell 11 is lower than that of each normal single cell 11. 
Therefore, when the four single cells 11 are charged by a 
predetermined amount of charge, the SOC of the degraded 
single cell 11 is higher than the SOC of each normal single 
cell 11. Thus, there arises an SOC variation between the 
degraded single cell 11 and each normal single cell 11. 
When there are SOC variations, the equalizing process 

may be carried out on the basis of the voltage values of the 
four single cells 11. Therefore, in the state shown in FIG. 6, 
the degraded single cell 11 is discharged by the amount of 
discharge shown in FIG. 6. Thus, the SOC of the degraded 
single cell 11 is equalized to the SOC of each normal single 
cell 11. 
As described above, when the full charge capacity of the 

single cell 11 is decreased due to degradation of the single 
cell 11, there arise SOC variations and the equalizing 
process is carried out each time a discharge or a charge is 
carried out. In the equalizing process, the single cells 11 are 
merely discharged. Therefore, if the equalizing process is 
carried out each time a discharge or a charge is carried out, 
electric energy stored in the single cells 11 may tend to be 
wastefully consumed. 

In the present embodiment, in order to Suppress wasteful 
consumption of electric energy as a result of the equalizing 
process, the equalizing process is carried out in consider 
ation of the full charge capacity of each single cell 11. That 
is, in the present embodiment, as will be described later, 
SOC variations due to full charge capacity variations are not 
Subjected to the equalizing process, and SOC variations due 
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to a factor other than full charge capacity variations are 
Subjected to equalizing process. 
The factor other than full charge capacity variations is, for 

example, a self-discharge of the single cell 11. When each of 
the plurality of Voltage monitoring ICS 41 is operating on the 
electric power of a corresponding one of the single cells 11, 
the SOC may vary among the plurality of single cells 11 due 
to consumed electric power variations among the Voltage 
monitoring ICs 41. 
The equalizing process according to the present embodi 

ment will be described with reference to the flowchart 
shown in FIG. 7. The flowchart shown in FIG. 7 is executed 
by the controller 30. 

The equalizing process shown in FIG. 7 is carried out 
when the ignition switch is in the off state, that is, the battery 
system shown in FIG. 1 is in the stopped state. When the 
ignition switch is in the off state, the battery pack 10 is not 
connected to the load and the battery pack 10 is not charged 
or discharged. Therefore, it is easy to ensure a period of time 
for carrying out the equalizing process. 

In step S100, the controller 30 calculates a reference SOC 
(SOC base). The reference SOC (SOC base) is an SOC that 
is a reference at the time when SOC variations among the 
plurality of single cells 11 due to full charge capacity 
variations among the plurality of single cells 11 are equal 
ized. Specifically, among the plurality of single cells 11 
having full charge capacity variations, the SOC at the time 
when the SOCs are equalized (state shown in FIG. 4) is the 
reference SOC (SOC base). When the reference SOC 
(SOC base) has been calculated, the controller 30 stores 
information about the reference SOC (SOC base) in the 
memory 31. 
The equalizing process is carried out when the ignition 

switch is in the off state, so the reference SOC (SOC base) 
is desirably an SOC that the single cell 11 can take when the 
ignition switch is in the off state. By setting the reference 
SOC (SOC base) in this way, the SOC of each single cell 11 
at the time when the equalizing process is carried out 
coincides with the reference SOC (SOC base) or is close to 
the reference SOC (SOC base). 

Hereinafter, an example of calculating the reference SOC 
(SOC base) will be described. 

For example, while the ignition switch is in the off state, 
the SOC of each single cell 11, having a high occurrence 
frequency, may be set as the reference SOC (SOC base). 

In this case, initially, the SOC of each single cell 11 is 
calculated each time the ignition switch becomes the off 
state. When the ignition switch is in the off state, it is 
possible to acquire the open circuit voltage (OCV) of each 
single cell 11, so it is possible to estimate the SOC of each 
single cell 11 from the OCV of each single cell 11. The OCV 
and the SOC have a correspondence relationship, so, when 
the correspondence relationship is obtained in advance, it is 
possible to identify (estimate) the SOC from the OCV. 

Subsequently, the occurrence frequency is measured for 
each value of the SOC. Specifically, the SOC of each single 
cell 11 at the time when the ignition switch is in the off state 
is estimated, and a counter corresponding to the value of the 
estimated SOC is incremented. The counter is provided for 
each value of the SOC, and a value of the counter indicates 
an occurrence frequency at each value of the SOC. Thus, it 
is possible to acquire a distribution that shows the occur 
rence frequency of the SOC at the time when the ignition 
switch is in the off state. The distribution that shows the 
occurrence frequency of the SOC may be, for example, 
expressed using a coordinate system in which the abscissa 
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10 
axis represents a value of the SOC and the ordinate axis 
represents an occurrence frequency. 
When the distribution that shows the occurrence fre 

quency of the SOC is acquired, it is possible to calculate an 
average value or identify a mode value on the basis of the 
frequency distribution. Such an average value or a mode 
value may be used as the reference SOC (SOC base). 

In the above description, the occurrence frequency of the 
SOC is measured only while the ignition switch is in the off 
state; however, the measurement timing is not limited to this 
configuration. That is, irrespective of whether the ignition 
switch is in the on state or in the off state, the occurrence 
frequency of the SOC may be measured over the entire 
period of time. In this case as well, it is possible to calculate 
an average value or identify a mode value on the basis of a 
distribution that shows the occurrence frequency of the 
SOC. Then, the average value or the mode value may be 
used as the reference SOC (SOC base). 
On the other hand, some of systems that are able to charge 

the battery pack 10 using electric power from an external 
power Supply have the function of completing a charge of 
the battery pack 10 at predetermined time. The external 
power Supply is a power Supply installed outside of the 
battery system shown in FIG. 1, and the external power 
Supply may be, for example, a commercial power Supply. 
The function of completing a charge of the battery pack 10 
at predetermined time is called timer charging. 

Depending on the usage frequency of timer charging, 
when the ignition switch is in the off state, the SOC that each 
single cell 11 can take may vary. For example, as the 
frequency of timer charging increases, the SOC that each 
single cell 11 can take while the ignition switch is in the off 
state tends to become a lower value. In other words, while 
the ignition switch is in the off state, the occurrence fre 
quency of a low SOC tends to be higher than the occurrence 
frequency of a high SOC. 

In timer charging, a charge is started at predetermined 
time, so each single cell 11 is left in a state where the single 
cell 11 is not charged until the predetermined time. A charge 
of the battery pack 10 with the use of the external power 
supply tends to be carried out when the SOC of each single 
cell 11 is low, so the SOC of each single cell 11 that is left 
standing, in other words, the SOC of each single cell 11 
while the ignition switch is in the off state, tends to become 
a lower value. 

Therefore, while the ignition switch is in the off state, the 
occurrence frequency at the time when each single cell 11 is 
left standing without being charged tends to be higher than 
the occurrence frequency at the time when each single cell 
11 is being charged. That is, while the ignition Switch is in 
the off state, the SOC that each single cell 11 can take tends 
to become a lower value. 
On the other hand, as the frequency of timer charging 

decreases, the SOC that each single cell 11 can take tends to 
become a higher value while the ignition switch is in the off 
state. In the case where no timer charging is carried out, 
when the external power supply and the battery pack 10 are 
connected to each other, the electric power of the external 
power Supply is Supplied to the battery pack 10, and a charge 
of the battery pack 10 is started. When the SOC of the 
battery pack 10 (single cells 11) has increased to a prede 
termined SOC, a charge of the battery pack 10 is completed. 

During a period from completion of a charge of the 
battery pack 10 to a start of travel of the vehicle, each single 
cell 11 is left in a charged state. Therefore, while the ignition 
Switch is in the off state, the occurrence frequency at the time 
when each single cell 11 is being charged tends to be higher 
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than the occurrence frequency at the time when each single 
cell 11 is left standing without being charged. Thus, as the 
usage frequency of timer charging decreases, the SOC that 
each single cell 11 can take while the ignition Switch is in the 
off state tends to become a higher value. 
As described above, in consideration of the usage fre 

quency of timer charging, it is possible to calculate the 
reference SOC (SOC base). Specifically, when a relation 
ship between the usage frequency of timer charging and an 
SOC (which corresponds to the reference SOC) that each 
single cell 11 can take while the ignition switch is in the off 
state is obtained in advance, it is possible to identify the 
reference SOC by measuring the usage frequency of timer 
charging. The usage frequency may be, for example, the 
number of times timer charging is carried out within a 
predetermined period. 

Referring back to the flowchart of FIG. 7, in step S101, 
the controller 30 calculates a difference ASOC var fec0, k 
between the SOC of the one reference single cell 11 (here 
inafter, referred to as reference cell 11) and the SOC of one 
of the plurality of other single cells 11 (hereinafter, referred 
to as comparative cell 11). The difference ASOC var fec0, 
k is a difference in SOC between the reference cell 11 and 
the comparative cell 11, which arises due to a difference in 
full charge capacity between the reference cell 11 and the 
comparative cell 11. The difference ASOC var fec0, k 
corresponds to a first SOC difference or a not-yet-corrected 
first SOC difference according to the invention. 

There are a plurality of the comparative cells 11, it is 
possible to acquire SOC variations among the plurality of 
single cells 11 by calculating the difference ASOC var fec 
O. k. In order to acquire SOC variations among the 
plurality of single cells 11, it is required to identify the 
reference single cell 11. In the present embodiment, the 
reference cell 11 is set. The reference cell 11 may be set in 
advance, and information about the reference cell 11 may be 
stored in the memory 31. 
The controller 30 calculates the difference ASOC Var fec 

0, k on the basis of the following mathematical expression 
(1). 

(FCCIk - FCC(O)x (SOC base - SOCIO) 
FCCIk 

(1) 
ASOC war fecO, k = 

In the above mathematical expression (1), O denotes the 
reference cell 11, and k denotes the comparative cell 11. 
The number of the comparative cells 11 is a number (N-1) 
obtained by subtracting the number (1) of the reference cells 
11 from the total number (N) of the single cells 11 that 
constitute the battery pack 10, and k is any value between 
1 and N-1. 
FCCO denotes a current full charge capacity of the 

reference cell 11, and FCCk is a current full charge 
capacity of each comparative cell 11. SOC base denotes the 
reference SOC calculated in the process of step S100, and 
SOCIO denotes a current SOC of the reference cell 11. As 
is apparent from the above mathematical expression (1), 
when SOCIO is equal to SOC base, the difference 
ASOC var fec0, k is 0. That is, the SOCIO of the refer 
ence cell 11 and the SOCk of each of the comparative cells 
11 are equal to SOC base. 
As shown in the above mathematical expression (1), it is 

possible to calculate the difference ASOC var fec0, k on 
the basis of a relationship between full charge capacities 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
FCCk and FCCO), and on the basis of a relationship 
between the reference SOC (SOC base) and SOCIO). 

It is possible to calculate the full charge capacity FCCO 
of the reference cell 11 on the basis of a current value and 
a voltage value at the time when the reference cell 11 has 
been charged or discharged. For example, initially, when the 
reference cell 11 is charged or discharged, the SOC of the 
reference cell 11 is calculated at two mutually different 
timings. It is possible to calculate the SOC of the reference 
cell 11 from a current value and a voltage value at the time 
when the reference cell 11 has been charged or discharged. 
The SOC and the OCV have a correspondence relation 

ship, so, when the OCV is calculated, it is possible to 
identify the SOC. In addition, it is possible to calculate the 
OCV from a closed circuit voltage (CCV) and the internal 
resistance of the single cell 11. When each single cell 11 is 
not connected to the load, it is possible to acquire the OCV 
of the single cell 11. It is possible to calculate the internal 
resistance of each single cell 11 from the current value and 
voltage value of the single cell 11. 
SOCs calculated at two mutually different timings are 

referred to as SOC t1 and SOC t2. On the other hand, an 
accumulated current value XI is calculated by accumulating 
a current value flowing during a period from when the SOC 
of the reference cell 11 varies from SOC t1 to SOC t2. If it 
is possible to calculate SOC t1, SOC t2 and the accumu 
lated current value XI, it is possible to calculate the full 
charge capacity FCCO of the reference cell 11 using the 
following mathematical expression (2). 

FCC(O) = XI (2) 
SOC t1 - SOC t2 

It is possible to calculate the full charge capacity FCCk 
of each comparative cell 11 on the basis of a current value 
and a voltage value at the time when the comparative cell 11 
has been charged or discharged. Specifically, it is possible to 
calculate the full charge capacity FCCk of each compara 
tive cell 11 by a method similar to the method of calculating 
the full charge capacity FCCO of the reference cell 11. 
The above mathematical expression (1) may be derived 

from the following mathematical expressions (3), (4). As 
shown in the following mathematical expression (3), the 
difference ASOC var fec0, k corresponds to the difference 
between the SOCIO of the reference cell 11 and the SOCk 
of each comparative cell 11. The SOCIO becomes a value 
obtained by dividing a current amount of charge Ah chgby 
the full charge capacity FCCO. The SOCk) becomes a 
value obtained by dividing the current amount of charge 
Ah chg by the full charge capacity FCCk). The reference 
cell 11 and the comparative cells 11 are connected in series 
with each other, and the amount of charge Ah chg in the 
reference cell 11 is equal to the amount of charge Ah chg in 
each comparative cell 11. 
On the other hand, the amount of charge Ah chg is 

expressed by the following mathematical expression (4). 
The amount of charge Ah chg may be defined as an accu 
mulated current value during a period in which the SOC of 
the reference cell 11 varies from SOC base to SOCIO, and 
it is possible to calculate the amount of charge Ah chg by 
the following mathematical expression (4). By Substituting 
the following mathematical expression (4) into the following 
mathematical expression (3), it is possible to derive the 
above mathematical expression (1). 
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ASOC variccio. Ki-socio-SoC = At the - the (3) variccio, K = SOCIO-SOC(K)=ri-fi 
Ah chg = (SOC base - SOCIO)x FCCO) (4) 

When the SOCk of the comparative cell 11 is lower than 
the SOCIO of the reference cell 11, the difference 
ASOC var fec0. k has a relationship shown in FIG. 8. 

Referring back to the flowchart of FIG. 7, in step S102, 
the controller 30 calculates a value (allowable value) 
ASOC var alw0, k for allowing an SOC variation 
between the reference cell 11 and each comparative cell 11. 
The allowable value ASOC var alw0, k corresponds to 
the corrected first SOC difference according to the invention. 
A difference (theoretical value) in SOC between the refer 
ence cell 11 and each comparative cell 11 becomes the 
difference ASOC var fec0, k) calculated in the process of 
step S101. The allowable value ASOC var alw0, k is 
calculated using the difference ASOC var fec0, k as a 
reference. 

In consideration of the accuracy of estimating the full 
charge capacity of the reference cell 11 or the full charge 
capacity of each comparative cell 11, it is required to set an 
allowable amount of SOC variations on the basis of the 
estimating accuracy. 

It is possible to calculate the full charge capacity FCCO 
of the reference cell 11 and the full charge capacity FCCk 
of the comparative cell 11 from a current value and a voltage 
value in the reference cell 11 and a current value and a 
Voltage value in each comparative cell 11 as described 
above. However, the current value may contain a detection 
error of the current sensor 21, and the Voltage value contains 
a detection error of the monitoring unit 40. In this case, as 
the current value continues to be accumulated, the detection 
error is also accumulated. Thus, the accuracy of estimating 
the full charge capacities FCCO), FCCk may decrease. 
When there is a full charge capacity variation between the 

reference cell 11 and each comparative cell 11, as the 
SOCk of each comparative cell 11 becomes apart from the 
reference SOC (SOC base), an SOC variation tends to arise. 
In the process of step S102, the allowable value 
ASOC var alw0, k is calculated. 

In the present embodiment, the allowable value 
ASOC var alw0, k is calculated in consideration of the 
accuracy of estimating the full charge capacities FCCO. 
FCCk and the difference between the current SOC of each 
single cell 11 and the SOC base. Specifically, the controller 
30 is able to calculate the allowable value ASOC var alw0. 
k on the basis of the following mathematical expression (5). 

ASOC var alwf0.k1=ASOC varfectOkx 
(1+|SOC base-SOCIkixK) (5) 

K shown in the above mathematical expression (5) 
denotes a correction coefficient (constant). The correction 
coefficient K may be, for example, set in advance in con 
sideration of the accuracy of estimating the full charge 
capacities FCCO), FCCk). Information about the correc 
tion coefficient K may be stored in the memory 31. As 
described above, as the SOCk) becomes apart from the 
SOC base, the SOCk tends to vary with a full charge 
capacity variation. Thus, in the above mathematical expres 
sion (5), the allowable value ASOC var alw0, k is calcu 
lated in consideration of the difference between the 
SOC base and each SOCk). 

According to the above mathematical expression (5), as 
the difference between the SOC base and each SOCk 
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14 
increases, the allowable value ASOC var alw0, k tends 
to increase. On the other hand, when the SOCk) is equal to 
the SOC base, the allowable value ASOC var alw0, k is 
equal to the difference ASOC var fcc.0, k. 

In the present embodiment, the allowable value 
ASOC var alw0, k is calculated on the basis of the above 
mathematical expression (5); however, a method of calcu 
lating the allowable value ASOC var alw0, k is not lim 
ited to this configuration. The allowable value ASOC var 
alw0, k just needs to be a value obtained by adding an 
allowable amount based on, for example, the accuracy of 
estimating the full charge capacities to the difference 
ASOC var fec0, k that is a reference. For example, as the 
accuracy of estimating the full charge capacities increases, 
the allowable amount may be reduced; whereas, as the 
accuracy of estimating the full charge capacities decreases, 
the allowable amount may be increased. 

In addition, as described above, an SOC variation tends to 
arise as the SOCk) becomes apart from the reference SOC 
(SOC base), so it is possible to set the allowable amount on 
the basis of the difference between the reference SOC 
(SOC base) and the current SOCk of each comparative 
cell 11. For example, when a relationship between the 
allowable amount and the difference between the SOC base 
and each SOCk) is obtained in advance, it is possible to 
identify the allowable amount on the basis of the difference 
between the SOC base and each SOCk). 
When the SOCk of the comparative cell 11 is lower than 

the SOCIO of the reference cell 11, the allowable value 
ASOC var alw0. k has a relationship shown in FIG. 8. 
The difference between the allowable value ASOC war alw 
0, k and the difference ASOC var fcc.0, k contains a 
variation due to the accuracy of estimating the full charge 
capacities and a variation due to the fact that the SOCk) 
becomes apart from the SOC base. 

Referring back to FIG. 7, in step S103, the controller 30 
identifies the comparative cell 11 having the lowest SOC in 
consideration of the allowable value ASOC var alw0, k 
calculated in the process of step S102. Specifically, the 
controller 30 identifies the comparative cell 11 having the 
largest allowable value ASOC var alw0, k among the 
plurality of comparative cells 11. In the comparative cell 11 
in which the SOCk is lower than the SOCIO and the 
allowable value ASOC var alw0, k is the largest, the 
SOCk) is apart from the reference SOC (SOC base) the 
most. Thus, in the above comparative cell 11, the SOC is the 
lowest. 

Subsequently, in step S104, the controller 30 calculates an 
SOC (SOC ble stopk), at which the equalizing process is 
stopped, for each comparative cell 11. The SOC ble stopk 
is a reference with reference to which it is determined 
whether the equalizing process is carried out in each com 
parative cell 11. Specifically, the controller 30 calculates the 
SOC ble stopk on the basis of the following mathematical 
expression (6). 

SOC bic stopki=SOC min+ASOC var alwf0, 
min-ASOC var alwf0.k1 (6) 

In the above mathematical expression (6), SOCImin is 
the SOCk of the comparative cell 11 identified in the 
process of step S103. ASOC var alw0, min) is the allow 
able value ASOC var alw0, k in the comparative cell 11 
identified in the process of step S103. 

FIG. 9 shows a relationship between the allowable value 
ASOC var alw0, k and the difference ASOC var fec0, 
k, between the reference cell 11 and a corresponding one of 
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the two comparative cells 11. In FIG. 9, the SOCk in each 
of the two comparative cells 11 is lower than the SOCIO of 
the reference cell 11. In FIG. 9, one of the two comparative 
cells 11 indicates the comparative cell 11 having the lowest 
SOC, and the SOCk of the comparative cell 11 is denoted 
by SOC min). 

In the process of step S104, within the difference between 
the SOCImin and the SOC of the other comparative cell 11, 
a difference in consideration of the allowable values 
ASOC var alw0, min, ASOC var alw0, k is calcu 
lated. In other words, within the difference between the 
SOCImin and the SOC of the other comparative cell 11, a 
difference corresponding to an SOC variation due to a full 
charge capacity variation is calculated. 

Subsequently, in step S105, the controller 30 compares 
the current SOCk with the SOC ble stopk calculated in 
the process of step S104 for each comparative cell 11. When 
the SOCk) is higher than the SOC ble stopk, the process 
proceeds to the process of step S106; whereas, when the 
SOCk) is lower than or equal to the SOC ble stopk, the 
process proceeds to the process of step S107. 
The process of step S105 is synonymous with the process 

of determining whether the difference between the SOC 
min and the SOCk), at the moment, is larger than the 
difference in SOC due to a full charge capacity variation. 
The difference in SOC due to a full charge capacity variation 
is a difference in SOC, which arises due to a full charge 
capacity variation between the comparative cell 11 having 
the SOCImin and each of the other comparative cells 11. 
The current difference between the SOCImin and each 
SOCk corresponds to a second SOC difference according 
to the invention. 

In step S106, the controller 30 carries out the equalizing 
process over the comparative cell 11 of which the SOCk) is 
higher than the SOC ble stopk). Specifically, the controller 
30 discharges the intended comparative cell 11 by activating 
the corresponding equalizing circuit 50. While the intended 
comparative cell 11 is being discharged, the controller 30 
calculates the current SOCk of the intended comparative 
cell 11 and discharges the intended comparative cell 11 until 
the current SOCIk reaches the SOC ble stopk). 

Through the process of step S106, the difference between 
the SOCImin and each SOCk) before the equalizing pro 
cess is carried out approaches the difference in SOC due to 
a full charge capacity variation. The difference in SOC due 
to a full charge capacity variation is a difference in SOC, 
which arises due to a full charge capacity variation between 
the comparative cell 11 having the SOCImin and each of the 
other comparative cells 11. When the equalizing process is 
complete, there is only the difference in SOC due to a full 
charge capacity variation in each of the plurality of com 
parative cells 11. 

FIG. 10 shows a relationship between the SOCImin and 
the SOC ble stopk). As is apparent from the above math 
ematical expression (6), the difference between the SOC 
min and the SOC blc stopk corresponds to the differ 
ence between the allowable value ASOC var alw0, min 
and the allowable value ASOC var alw0, k. 
When the SOCk) is higher than the SOC ble stopk, the 

controller 30 determines that the SOCk varies beyond the 
allowable amount with respect to the SOC min. As 
described above, the allowable amount is an allowable 
amount based on the accuracy of estimating the full charge 
capacity, or the like, and corresponds to the difference 
between the allowable value ASOC var alw0, min and the 
allowable value ASOC var alw0, k. 
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16 
When the SOCk) varies beyond the allowable amount 

with respect to the SOC min, the controller 30 carries out 
the equalizing process in order to suppress an SOC variation. 
That is, as shown in FIG. 10, when the SOCk) is higher than 
the SOC ble stopk, the controller 30 carries out the equal 
izing process over the comparative cell 11. 
On the other hand, in step S107, the controller 30 does not 

carry out the equalizing process over the comparative cell 11 
of which the SOCk) is lower than or equal to the SOC ble 
stopk. When the SOCk) is lower than or equal to the 
SOC ble stopk, the controller 30 determines that the 
SOCk falls within the range of the allowable amount with 
respect to the SOC min. The allowable amount is also an 
allowable amount based on the accuracy of estimating the 
full charge capacity, or the like, and corresponds to a 
difference between the allowable value ASOC var alw0. 
min and the allowable value ASOC var alw0, k. 
When the SOCk falls within the range of the allowable 

amount with respect to the SOC min), it is not possible to 
determine whether to carry out the equalizing process over 
the comparative cell 11 having the SOCk). Therefore, as 
shown in FIG. 10, the controller 30 does not carry out the 
equalizing process over the comparative cell 11 of which the 
SOCk) is lower than or equal to the SOC ble stopk. 

According to the present embodiment, the allowable 
value ASOC var alw0, k is calculated; however, the 
allowable value ASOC var alw0, k does not need to be 
calculated. That is, it is applicable that the difference 
ASOC Var fcc0, k is calculated and the equalizing process 
is carried out on the basis of the difference ASOC var fec0, 
k. Specifically, in the process shown in FIG. 7, the process 
of step S102 may be omitted, and, in the processes of step 
S103 and step S104, the difference ASOC var fcc.0, k is 
used instead of the allowable value ASOC var alw0, k. 

According to the present embodiment, an SOC variation 
(ASOC var fec0, k) due to a full charge capacity variation 
is calculated in consideration of the full charge capacity of 
each single cell 11. Then, only when the difference between 
the SOCIO and the SOCk), at the moment, is larger than the 
ASOC Var fcc0, k, the equalizing process is carried out. 
In other words, when the difference between the SOCIO and 
the SOCk), at the moment, is smaller than or equal to the 
ASOC Var fcc0.k, the equalizing process is not carried 
Out. 

In this way, in the present embodiment, SOC variations 
due to full charge capacity variations are acquired, and the 
equalizing process is not carried out for SOC variations due 
to full charge capacity variations. Thus, it is possible to 
Suppress a situation that the equalizing process is frequently 
carried out on the basis of SOC variations due to full charge 
capacity variations and, as a result, electric energy stored in 
the single cells 11 tends to be wastefully consumed. The 
equalizing process is carried out for SOC variations due to 
a factor other than full charge capacity variations, so it is 
possible to achieve the object of the equalizing process. 

In the present embodiment, SOC variations 
(ASOC var alw0, k) are calculated in consideration of the 
accuracy of estimating the full charge capacities and the 
current relationship between each SOCk and the 
SOC base. In a state where the accuracy of estimating the 
full charge capacities is low, even when the ASOC var fcc 
0, k is calculated, SOC variations are hard to be accurately 
acquired. In addition, in a state where there is a full charge 
capacity variation, the SOC tends to vary as the SOCk) 
becomes apart from the SOC base, so it is difficult to 
accurately acquire an SOC variation only by calculating the 
ASOC var fcc.0, k. 
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Therefore, in the present embodiment, as described in the 
process of step S102 in FIG. 7, SOC variations 
(ASOC var alw0, k) are calculated in consideration of the 
accuracy of estimating the full charge capacities, or the like. 
Thus, it is possible to acquire actual SOC variations due to 
full charge capacity variations on the basis of the 
ASOC var alw0, k. 

While the invention has been described with reference to 
example embodiments thereof, it is to be understood that the 
invention is not limited to the described embodiments or 
constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In 
addition, while the various elements of the example embodi 
ments are shown in various combinations and configura 
tions, other combinations and configurations, including 
more, less or only a single element, are also within the scope 
of the invention. 

The invention claimed is: 
1. An electrical storage system comprising: 
a plurality of electrical storage elements connected in 

series with each other and configured to be charged or 
discharged; 

a plurality of discharge circuits respectively connected in 
parallel with the electrical storage elements and con 
figured to discharge the corresponding electrical stor 
age elements; and 

a controller configured to control operations of the dis 
charge circuits, 

the controller being configured to calculate a first SOC 
difference using a full charge capacity of each electrical 
storage element, the first SOC difference being a dif 
ference in SOC between the plurality of electrical 
storage elements and arising due to a difference in full 
charge capacity between the plurality of electrical 
storage elements, 

the controller being further configured to calculate a 
second SOC difference, the second SOC difference 
being a difference in SOC between the plurality of 
electrical storage elements at the moment the second 
SOC difference is calculated, 

the controller being further configured to bring the second 
SOC difference close to the first SOC difference by 
carrying out a discharge with the use of the discharge 
circuits when the second SOC difference is larger than 
the first SOC difference, and 

the controller being further configured to calculate the 
first SOC difference using a mathematical expression 

(FCCIk - FCC(O)x (SOC base - SOCIO) 
FCCIk ASOC war fecO, k = 

where ASOC var fec0.k is the first SOC difference, FCC 
O is the full charge capacity of the electrical storage 
element that becomes a reference electrical storage element 
between the plurality of electrical storage elements, FCCk 
is the full charge capacity of the electrical storage element 
other than the reference electrical storage element between 
the plurality of electrical storage elements, SOC base is an 
SOC at the time when the SOCs of the plurality of electrical 
storage elements are equal to each other, and SOCIO is the 
SOC of the reference electrical storage element, wherein 

the SOC base is an SOC that each electrical storage 
element takes when the plurality of electrical storage 
elements are not connected to a load, and 
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the SOC base varies on the basis of a usage frequency of 

a charging function for completing a charge of the 
plurality of electrical storage elements at predeter 
mined time. 

2. The electrical storage system according to claim 1, 
wherein 

the controller is configured to correct the first SOC 
difference using a mathematical expression 
ASOC var alwf0.k1=ASOC varfectOkx 

(1+SOC base-SOCIkixK) 

where ASOC var alw0, k is the corrected first SOC 
difference, ASOC var fec0, k is the not-yet-corrected 
first SOC difference, SOC base is an SOC at the time 
when the SOCs of the plurality of electrical storage 
elements are equal to each other, SOCk) is the SOC of 
the electrical storage element other than the reference 
electrical storage element, and K is a correction coef 
ficient. 

3. The electrical storage system according to claim 1, 
wherein 

the SOC base decreases as the usage frequency of the 
charging function increases, and the SOC base 
increases as the usage frequency of the charging func 
tion decreases. 

4. The electrical storage system according to claim 1, 
wherein the controller is configured to use a value, including 
a calculation error at the time of calculating the full charge 
capacity of each electrical storage element, as the first SOC 
difference. 

5. The electrical storage system according to claim 1, 
wherein the controller is configured to operate the discharge 
circuits when the plurality of electrical storage elements are 
not connected to a load. 

6. An equalizing method of equalizing a difference in 
SOC between a plurality of electrical storage elements, 
connected in series with each other, with the use of discharge 
circuits respectively connected in parallel with the electrical 
storage elements and configured to discharge the corre 
sponding electrical storage elements, the equalizing method 
comprising: 

calculating a first SOC difference using a full charge 
capacity of each electrical storage element, the first 
SOC difference being a difference in SOC between the 
plurality of electrical storage elements and arising due 
to a difference in full charge capacity between the 
plurality of electrical storage elements; 

calculating a second SOC difference, the second SOC 
difference being a difference in SOC between the 
plurality of electrical storage elements at the moment 
the second SOC difference is calculated, 

when the second SOC difference is larger than the first 
SOC difference, bringing the second SOC difference 
close to the first SOC difference by carrying out a 
discharge with the use of the discharge circuits, 

calculating the first SOC difference using a mathematical 
expression 

(FCCIk - FCC(O)x (SOC base - SOCIO) 
FCCK ASOC war fecO, k = 

where ASOC var fec0.k is the first SOC difference, FCC 
O is the full charge capacity of the electrical storage 
element that becomes a reference electrical storage element 
between the plurality of electrical storage elements, FCCk 
is the full charge capacity of the electrical storage element 
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other than the reference electrical storage element between 
the plurality of electrical storage elements, SOC base is an 
SOC at the time when the SOCs of the plurality of electrical 
storage elements are equal to each other, and SOCIO is the 
SOC of the reference electrical storage element, wherein 5 

the SOC base is an SOC that each electrical storage 
element takes when the plurality of electrical storage 
elements are not connected to a load, and 

the SOC base varies on the basis of a usage frequency of 
a charging function for completing a charge of the 10 
plurality of electrical storage elements at predeter 
mined time. 
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